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ABSTRACT 
Problems related to crystallisation and deposition of paraffin waxes on oil pipelines 
during production and transportation of crude oil caused huge operational and financial 
losses to petroleum industry. This study is focused on the fundamental understanding of 
the mechanisms of wax deposition and investigates the effect of several major 
parameters on such deposition in a batch oscillatory baffled column (OBC). The OBC is 
a relatively new mixing technology and offers more uniform mixing and particle 
suspension than traditional reactors. It is the intention of this work to characterise the 
effect of oscillatory mixing on the wax deposition process perhaps as an alternative way 
for mitigation of wax deposition problems. Experiments have been carried out to 
examine the effects of OBC's operational parameters, wax-oil volume, paraffin wax 
content, carbon number of the solvents, baffles materials and structure on the wax 
deposition. Analyses conducted to evaluate and characterise the wax deposition are: the 
percentage of wax deposition (0, wt.%); the Avrami exponent (n) which corresponds to 
the type of wax crystals; and the half time of deposition (tll2) which is associated with 
the rate of deposition. On the study of the effect of OBC' s parameters, it was found that 
increasing the oscillation frequency and amplitude reduced the overall deposition; 
baffles oscillation altered the type of wax crystal formed from needle type to clustered 
plate-like shapes; and accelerated the rates of deposition. On the effect of wax-oil 
volume, it was observed that increasing the volume reduced the deposition, increased n 
values and t112 hence reduced the deposition rates. The study on the effect of paraffin 
wax content revealed that increasing the wax content increased the deposition, reduced 
n values and caused higher crystallisation rates. On the effect of solvent carbon 
numbers, it was found that the higher the carbon numbers, the more the deposition, 
lower nand trn. Lastly on the study of baffles materials and structure, it can be deduced 
that using different baffle materials had no significant impact on the deposition in the 
OBC. In summary, oscillatory baffled flow can be an effective means of mitigation of 
wax deposition problems. This work may also lead to a screening test for wax 
deposition inhibitors. Since the deposition of viscous materials is common to other 
sectors of the process industries, the results of this study will provide essential 
information for understanding and perhaps later implementation of the OBC technology 
in the related fields. 
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Defmition [SI unit) 
Orifice size [ m] 
Diameter of the column [m] 
Oscillation frequency, Hz 
Solid suspension correlation (r = [1- exp(- R;,) ]) 
Baffle spacing [ m] 
Growth rate [min-"] 
The A vrami exponent [-] 






The halftime of deposition, t112 = 
1~2 [min] 
Thickness of the plate ( m] 
The maximum oscillation velocity (rnls) 
Volume or volume fraction of crystallisation [-] 
Degree of crystallisation [-] 
Displacement [m] 
Oscillation amplitude (centre to peak) [ m] 







Definition [SI unit] 
Baffle free area [a= ( ;: n [-] 
Baffle spacing(jJ = ~: J [-] 
Deposition [wt. %] 
Initial deposit in liquid [ wt. %] 
The maximum or asymptotic deposition [ wt. %] 
Relative deposition [ wt. %] 
The total deposition at time t [ wt. %] 
Viscosity of the fluid [kg m·1 s-1] 
Density of Fluid [kg m-3] 
Angular frequency (=2nf) [s-1] 
Vlll 
Abbreviations 
ID Internal diameter 
MPLI Multipurpose Lab Interface 
OBC Oscillatory baffled column 
OBR Oscillatory baffled reactor 
OD Outside diameter 
OFR Oscillatory flow reactor 
PSP Pulsed sieve packed column 
PSPC Pulsed sieve-plate column 
PTFE Polytetrafluoroethylene 
PVDF Polyvinylidene difluoride 
RPC Reciprocating plate column 
RPM Revolution per minute 
RTD Residence time distribution 
ss Stainless steel 
STR Stirred tank reactor 
WAT Wax appearance temperature 
IX 






























































































































































